Pickering emulsions are systems without surfactants, stabilized by solid particles. These emulsions are experiencing a renewed interest, on the one hand, because it is preferable to limit the use of synthetic surfactants for toxicological and environmental reasons and, on the other hand, the need to make new formulations in order to control the drug release patterns by encapsulation or controlled release. Thus, we were interested in the formulation and evaluation of W/O Pickering emulsions stabilized by particles of magnesium oxide with paracetamol in the internal phase and griseofulvin in the external phase. The Bancroft rule served as a model for the formulation. The emulsification was carried out by progressively adding an aqueous phase dispersed in an oil-dispersing phase using a turbo rotor stator mixer. The stability of these emulsions was studied using several parameters (droplet size, pH, viscosity, conductivity ...) and the qualitative and quantitative analysis of the active ingredients by UV-visible spectrophotometry. The results obtained showed that the dye test and the conductivity measurement confirmed the W/O nature of these emulsions. Some parameters such as droplet size, pH and viscosity were strongly influenced by the amounts of magnesium oxide particles and the two active ingredients used. The qualitative and quantitative analysis of the active ingredients confirmed the presence of griseofulvin in the oil phase and paracetamol in the aqueous phase. Thus, we have succeeded in developing a stable W/O Pickering emulsion with magnesium oxide particles. In addition, we were able to incorporate paracetamol into the dispersed phase and griseofulvin into the
Introduction
Pickering emulsions are dispersions of two immiscible liquids stabilized by solid particles. They are generally composed of three components: aqueous phase, oil phase and stabilizing solid particles. The stabilizing effect of emulsions by solid particles has been known for about a century. These emulsions are called "Pickering Emulsions" named after one of the earliest researchers who described this type of stabilization. It has established that particles can act as surfactants and stabilize oil-in-water emulsions. However, the first description of this phenomenon is due to Ramsden; his work was cited by Pickering [1] [2] . Currently, there is renewed interest in Pickering emulsions. Their "surfactant-free" character makes them attractive for different applications where surfactants often show adverse effects (irritation, haemolytic behaviour, environmental problems ...) [3] . In addition, one of the main advantages of Pickering emulsions is that they are more stable than other types of emulsions. The adsorption of solid particles at the oil-water interface is strong and irreversible. This leads to the formation of a dense film thus creating a barrier around the droplets giving them a high resistance to coalescence. The particle adsorption or desorption energy [ΔE = γ HE πr 2 (1 ± cosθ) 2 ] is mainly related to their ability to be partially wetted by the two phases of the emulsion [4] [5] [6] . This wetting of the particles is characterized by an angle of contact between the aqueous phase, the oil phase and the solid particles, measured on the side of the aqueous phase. Thus, the particles having a contact angle of less than 90˚ are usually called hydrophilic and preferably stabilize the O/W type emulsions whereas those whose contact angle is less than 90˚ are called hydrophobic and are used to stabilize W/O type emulsions [7] . Pickering emulsions also offer the possibility of being stabilized by varieties of particles such as metal oxides and hydroxides, silica, clays, laponite, etc. [7] [8] [9] [10] . The Magnesium Oxide used in this study can be used in several fields. In food, it is used as a food additive. It can also be used as an antacid in heartburn [11] .
In this study, we are interested in the formulation and evaluation of a Pickering emulsion stabilized by particles of Magnesium Oxide. From this first formulation, we chose the most stable emulsions in order to incorporate paracetamol into the internal aqueous phase. Finally, in the stable emulsion containing paracetamol in its internal phase, we incorporated griseofulvin in the external oily phase. Some parameters such as droplet size, viscosity, pH, extraction and dosage of the active ingredients have been widely studied and discussed in this work.
Materials and Methods

Materials
The oily phase used throughout the study is a mixture of extra virgin olive oil 
Methods
Formulation of Pickering Emulsions
During the formulation, the direction of the emulsion formed is one of the most important properties and characteristics. The Bancroft rule, which states that the type of emulsion depends on the medium in which the particles are introduced initially, served as a model for the preparation of the formulations.
1) Preparation of the dispersing Oil Phase:
In the petroleum jelly, the magnesium oxide is progressively added by triturating until homogenization takes place. To this mixture was added olive oil containing griseofulvin and then subjected to agitation for 3 minutes at 1680 rpm.
2) Preparation of the dispersed aqueous phase:
The amount of paracetamol to be incorporated in distilled water is dissolved.
The mixture is homogenized with a magnetic stirrer at 1000 rpm for one minute.
3) Emulsification:
In the suspension previously prepared, the aqueous phase is gradually added followed by the fragmentation of the drops of water with the aid of the mixer.
Subsequently, the final mixture is homogenized vigorously for one minute at Thus, we prepared the Pickering emulsions in the following proportions (Table 1) .
Characterization of Emulsions 1) Bottle test:
The emulsions are left to rest in the absence of light and an ambient temperature in 50 ml conical bottle tests. This visual inspection makes it possible to demonstrate certain phenomena of instability such as sedimentation, flocculation and coalescence.
2) Direction of the emulsions:
It is carried out by a measurement of the electrical resistance of the external phase of the emulsion. The measuring cell is introduced into a 50 ml conical bottle test containing the emulsion. Be sure to place the electrode at the emulsified phase for the sediment tubes.
We also used the dye test. It is based on the determination of the solubility of the Sudan III in the emulsion obtained. Place two milliliters of the emulsion to be tested in a watchglass. Add few grams of Sudan III and mix. After assembly between blade and slide, observation will be done under optical microscope Axio
Zeiss imager A1 coupled to a computer containing the Axio Vision software rel.
Version 4.5 (Zeiss optical microscope).
3) Droplet size measurements:
The technique used is based on the estimation of the mean number diameter of the droplets by individual counting. The light chamber microscope BBT KRAUSS was used for measurements.
4) pH of the emulsions:
As for the conductivity, care must be taken to introduce the electrode up to the emulsified phase level for the sediment tubes. The reading time is set to three minutes after insertion of the electrode.
5) Viscosity of the emulsions:
The viscosity measurements were carried out using a BROOKFIELD viscometer pro VII. The principle of measuring the viscosity retained by Brookfield relies on the application of a force of movement to a product by rotating at a fixed speed a mobile of fixed size. The resistance of the product to the rotational movement of the mobile is recorded by means of an internal spiral spring and then converted into a viscosimetric unit.
Qualitative and Quantitative Analysis of the Active Substances 1) Destabilization and extraction
The emulsions were destabilized as follows: the tubes containing the emulsions were placed in an oven at a temperature of 37˚C for one hour to liquefac-
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tion and then centrifuged at 3500 rpm for twenty minutes. The aqueous phase is extracted using a five ml syringe. Thereafter, a second centrifugation of the water is carried out at 3500 rpm for one minute for purification. We used ethanol as an extraction solvent for griseofulvin. The oil or Vaseline is introduced into the separating funnel. We gradually add the ethanol to the bulb and then perform manual stirring followed by degassing for one minute. We then debouch the bulb and then let it decant. Recovering the ethanol in a beaker separates the two phases.
The oil phase or Vaseline is taken up with ethanol to carry out several extractions.
The ethanolic extracts are subjected to centrifugation for purification.
2) Dosage
For the assay, we used an Agilent Technologies Cary 60 UV-visible spectrophotometer.
Thus, we prepared a saturated solution of paracetamol and griseofulvin: 
Results and Discussion
The study of the physicochemical and analytical parameters of the various emulsions has been done in the absence of light at room temperature for 28 days.
Bottle Test
The emulsions obtained are beige to yellow, homogeneous. The emulsions are all stable, better stability was observed with the emulsions containing 6.8 wt% of MgO, especially those containing only one active substance (Figure 1 ).
Emulsion Direction
The dye test carried out weekly during the 28 days of monitoring showed emulsions with aqueous droplets of heterogeneous sizes with a dispersant phase col- ) for emulsion with 4.5 wt% of MgO (Figure 1(a) ) and those with 6.8 wt% of MgO (Figure 1(b) ). The external phase of these emulsions is therefore apolar and therefore of the W/O type. Studies have shown that a constant value of conductivity over time is a determining criterion of stability.
Size of Droplets
The size of the droplets varied according to the amounts of Magnesium Oxide P. M. Sy et al. used and the concentrations of the two active ingredients (Figure 3 ). We found that the size of the droplets decreased when the amount of MgO was increased.
The size of the droplets plays an important role in the stability of the emulsions. This is one of the variables that influence the sedimentation rate described Samples containing more particles have a smaller average diameter than samples containing a smaller amount of particles. Indeed, the most probable hypothesis would be the reduction in the diameters of the drops, which is a function of the MgO content leading to an increase in the interfacial area. Similar results were obtained with hydrophobic silica [12] . However, the high particle concentration does not mean a dense overlap of the interface. Some authors have observed that particles are in the outer phase of the emulsion, even when the surface of the droplets is not completely covered [13] [14] .
The relation between the diameter of the droplets and the interfacial area per unit volume is illustrated by the following equation [4] :
D is the diameter of the droplets, A/V is the interfacial area per unit volume and v
φ is the fraction of the dispersed phase.
It should also be noted that paracetamol and griseofulvin produced an increase in the size of the droplets (Figure 4 (a) and Figure 4(b) ). This increase is greater with emulsions containing only paracetamol (Figure 4(a) ).
Thus, the greater the quantity of active substances, the greater the size of the droplets, which leads to instability of the emulsions. Indeed, the hydrophilic properties of paracetamol ensure that it remains in the aqueous phase of the emulsion that is to say inside the droplets. This results in an increase in volume of the aqueous phase resulting in an increase in the volume per unit area. Frelichowska showed that hydrophilic caffeine destabilized Pickering type W/O emulsions by increasing the interfacial area [4] .
pH of the Emulsions
In Figure 5 , we show the effect of the variation of the Magnesium Oxide quantity and the concentrations of both active substances on the pH evolution of the emulsions. We found that the higher the amount of MgO, the higher the pH of the emulsions. 
Viscosity of Emulsions
The viscosity of the emulsions was strongly influenced by the amount of magnesium oxide particles, paracetamol concentrations in the internal phase and griseofulvin in the external phase (Figure 6 (a) and Figure 6 [19] . Thus, the increase in viscosity contributes to a better stability of the emulsions. However, it should be noted that paracetamol and griseofulvin usually reduced the viscosity of the emulsions. Figure 7 shows the appearance of the tubes after destabilization at the centrifuge with a clear separation of the phases.
Qualitative and Quantitative Analysis of the Incorporated Active Ingredients
Destabilization and Extraction of Active Substance
Dosage
The use of UV-visible spectrophotometry can provide quantitative information on the concentration of a substance in a Pickering emulsion after destabilization.
Indeed, this technique finds applications in the pharmaceutical field in the qualitative and quantitative analysis of pure products or mixtures such as emulsions. The encapsulated active principle can be dispersed, dissolved or adsorbed on the surface of the particles [20] .
The incorporated griseofulvin was found in all extraction liquids obtained from the external oily phase. Similarly, the incorporated paracetamol was found in the aqueous phase on all the emulsions containing it initially. The concentration of griseofulvin found whatever the amount incorporated is less than 0.2 g/l, both in petroleum jelly and in oil ( Figure 8 and Figure 9 ).
In the dispersed aqueous phase there is a large amount of paracetamol. This suggests a very good rate of encapsulation of the active principle in the dispersed phase ( Figure 10 ). This is confirmed by the correlation between theoretical and actual concentrations of incorporated paracetamol (linear) (Figure 11 ). 
Conclusion
In view of the results obtained, we succeeded in formulating a stable W/O type Pickering emulsion containing both griseofulvin in its external phase and paracetamol in its internal phase. Thus, this system can find a practical application in a dual therapy with the use of a single formulation. This system can also be used in therapy for the protection and encapsulation of active principles, as a reservoir system and/or as a sustained, controlled or delayed release system for active substances. This study will be supplemented by in vitro studies, and by release studies to obtain release profiles.
